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7KLV DUWLFOH EULHIO\ GHVFULEHV WKH QHHG IRU D SURWRQ H[FKDQJH PHPEUDQH IXHO FHOO HOHFWULF YHKLFOHV HQJLQH WHVW EHG
&RPSUHKHQVLYH DQDO\VLV RI WKHPDLQ FRQWHQW RI WKH IXHO FHOO HOHFWULF YHKLFOH GULYH V\VWHP EHQFK )LQDOO\ RXWOLQHV WKH
VWUXFWXUHDQGIXQFWLRQRIWKHWHVWEHGRIWKHIXHOFHOOGULYHV\VWHPV
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0RUH WKDQ D FHQWXU\ WKH DXWRPRELOH LQGXVWU\ KDVPDGH WUHPHQGRXV FRQWULEXWLRQV WR WKH GHYHORSPHQW RI
KXPDQ DQG IDUUHDFKLQJ LPSDFW RI FDUV RQ WKH SURJUHVV RI VRFLHW\ )RU WKH UHDOL]DWLRQ RI WKH VXVWDLQDEOH
GHYHORSPHQWRI WKHDXWRPRELOH LQGXVWU\KDVEHHQ LQH[SORULQJ WKHGHYHORSPHQWRIQRQSROOXWLQJ ORZQRLVH
PDLQWHQDQFH LV VLPSOHDQGHDV\PDQLSXODWLRQRI WKHDGYDQWDJHVRIHOHFWULFYHKLFOHV6LQFH WKHVPDQ\
LQGXVWULDOL]HGFRXQWULHVWKHUHOHYDQWDJHQFLHVDQGDXWRPRELOHPDQXIDFWXUHUVKDYHLQYHVWHGKHDYLO\WRGHYHORS
YDULRXV W\SHV RI HOHFWULF YHKLFOHV ,Q UHFHQW \HDUV SURWRQ H[FKDQJH PHPEUDQH IXHO FHOO WHFKQRORJ\ D
EUHDNWKURXJKZDVPDGHHVSHFLDOO\LQKLJKSRZHUDQGIHDWXUHVZLWKRXWFKDUJLQJPDNLQJLWYHU\FRPSHWLWLYHLQ
HOHFWULF YHKLFOH SRZHU VRXUFH DSSOLFDWLRQV VKRZLQJ D JRRG SURVSHFW 7KH SURWRQ H[FKDQJHPHPEUDQH IXHO
FHOOV EDVHG RQ K\GURJHQ DV IXHO DLU 2 DV WKH R[LGDQW WR ZRUN ,Q WHUPV RI IXHO VXSSO\ DQG FRQWURO RI
RSHUDWLQJ FRQGLWLRQV YHU\ GLIIHUHQW IURP WKH VHFRQGDU\ EDWWHU\ 7KHUHIRUH WKH IXHO FHOO SRZHU VRXUFH IRU
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HOHFWULFYHKLFOHGHYHORSPHQWSURFHVVWKHSURWRQH[FKDQJHPHPEUDQHIXHOFHOOGULYHV\VWHPVDQGWHVWPHWKRGV
PXVWEHJLYHQVSHFLDOFRQVLGHUDWLRQ
, EDVHG RQ DXWRPRWLYH HQJLQH WHVW VWDQGDUGV DQG WHVW VSHFLILFDWLRQV FRPELQHG ZLWK WKH H[SHULHQFH RI
GHYHORSHG3(0)&PRELOHSRZHU3(0)&HOHFWULFFDUHQJLQHDVVHPEO\EHQFKSUHOLPLQDU\VWXG\
1HHGIRUEHQFKRIWKHIXHOFHOOGULYHV\VWHPV
%DVHGRQWKHFRQFHSWRIDFDUHQJLQHWKHHQJLQHDVVHPEO\LVDEOHWRSURGXFHPHFKDQLFDOSRZHUDQGWRUTXH
DQG FDQ SURPRWH WKH JHQHUDO WHUP RI WKH FDU ZKHHO URWDWLQJ SRZHU $QG VR RQ IXHO FHOO HOHFWULF YHKLFOHV
HQJLQH DVVHPEO\ VKRXOG LQFOXGH WZRSDUWV IXHO LQWR HOHFWULFLW\ WKH IXHO FHOO VWDFN DQG LWV DX[LOLDU\ V\VWHPV
UHIHUUHG WRDVSRZHU VRXUFHDQGFRQYHUW HOHFWULFDO HQHUJ\ LQWR WKHSRZHUFRQYHUWHUDQG WKHPRWRU WRUTXH
UHIHUUHG WRDV SRZHUGULYHQ V\VWHP7KH IXHOFHOO HOHFWULFYHKLFOHGULYH V\VWHPV LQFOXGH IXHO KDQGOLQJDQG
VXSSO\XQLWWKHIXHOFHOOJURXSDQGLWVRSHUDWLRQDOVXSSRUWV\VWHPVDQGDQFLOODU\HTXLSPHQWSRZHUFRQWUROOHU
LQYHUWHUPRWRUDQGUHGXFHU
%DVHGRQWKHDXWRPRWLYHHQJLQHWHVWVSHFLILFDWLRQVDQHZO\GHYHORSHGRUUHGHVLJQHGYHKLFOHVLQWKHURDG
DVVHVVPHQWVKRXOGEHFDUULHGRXWWZRWHVW)LUVWWKHHQJLQHEHIRUHORDGLQJWKHHQJLQHEHQFKWHVWDVVHPEO\
6HFRQGDIWHUWKHHQJLQHORDGLQJYHKLFOHEHQFK1RPDWWHUZKDWNLQGRISRZHUVRXUFHYHKLFOHVYHKLFOHEHQFK
FDQ EH IRXQG LQ WKH FKDVVLV G\QDPRPHWHU DOVR NQRZQ DV GUXP G\QDPRPHWHU RQ $XWRPRWLYH HQJLQH
DVVHPEO\EHQFKLVFRPSUHKHQVLYHWHVWHQJLQHFKDUDFWHULVWLFVDQGWKHSHUIRUPDQFHDVVHVVPHQWDQGSUHGLFWLRQ
HQJLQHORDGLQJYHKLFOHSRZHUDQGWKHLQGLFDWRUVWRDFKLHYHWKHGHVLJQUHTXLUHPHQWV7KLVLVDYHU\LPSRUWDQW
SDUWLQGLVSHQVDEOHLQWKHSURFHVVRIGHYHORSPHQWRIFDU7KHUHIRUHWKHGHYHORSPHQWRIHOHFWULFYHKLFOHGULYH
V\VWHPVPXVWDOVREHQFKWHVW(QJLQHDVVHPEO\EHQFKGHSHQGLQJRQWKHW\SHRIHQJLQHIXHORSHUDWLRQPRGH
DVZHOO DV WKHGLIIHUHQW QDWXUHRI WKHPHDVXUHGSDUDPHWHUV UHTXLUHG WRXVH D GLIIHUHQW HQJLQH WHVW VWDQG ,Q
DGGLWLRQ WR WKH JHQHUDO DXWRPRWLYH HQJLQH WHVW VWDQG WKH VHFRQG UHFKDUJHDEOH EDWWHU\ HOHFWULF YHKLFOH GULYH
V\VWHPDOVRKDVDGHGLFDWHG WHVWEHG ,QYLHZRI WKH VXSSO\RI WKH IXHOFHOOHOHFWULFYHKLFOHVK\GURJHQ IXHO
VSHFLDOIXHOFHOORSHUDWLRQVXSSRUWV\VWHPDQGLWVPHDVXUHGSDUDPHWHUVSURWRQH[FKDQJHPHPEUDQHIXHOFHOO
HOHFWULFYHKLFOHVPXVWXVHDGHGLFDWHGWHVWEHQFK
7HVWFRQWHQWRISURWRQH[FKDQJHPHPEUDQHIXHOFHOOGULYHV\VWHPV
7KH DXWRPRELOH HQJLQH LV DFWLQJ WKURXJK WKH IXHO FRPEXVWLRQ SURFHVV DQG PHFKDQLFDO WUDQVPLVVLRQ
PHFKDQLFDOIRUFHLQWRWRUTXH
3URWRQH[FKDQJHPHPEUDQHIXHOFHOOLVDQHOHFWURFKHPLFDOSRZHUJHQHUDWLRQGHYLFHLWJHQHUDWHVHOHFWULFLW\
WKURXJKWKHSRZHUFRQYHUWHUGULYHQPRWRULQWRWRUTXH,WLVQRWGLIILFXOWWRVHHWKHLQWHUQDOFRPEXVWLRQHQJLQH
ZLWK3(0)&SRZHUGULYHV\VWHPZRUNVYHU\GLIIHUHQW+RZHYHUDVWKHFDUHQJLQHLVUXQQLQJWKHWZRDUHVWLOO
LQFRPPRQDQGVLPLODULWLHVKDYHDIXHOVWRUDJHDQGVXSSO\XQLWQHHGWRWUDQVSRUWVRPHSUHVVXUHRQWKH
DLU7KHHQJLQHQHHGVWRPDLQWDLQSURSHURSHUDWLQJWHPSHUDWXUHHQJLQHWKHHQHUJ\JHQHUDWHGPXVWEH
WUDQVIRUPHGLQWRDWRUTXH
3(0)&ZRUNVDQGV\VWHPRSHUDWLQJFKDUDFWHULVWLFVZLWKUHIHUHQFHWRDXWRPRWLYHHQJLQHWHVWVWDQGDUGVDQG
VSHFLILFDWLRQV WKH 3(0)& HOHFWULF YHKLFOH GULYH V\VWHPEHQFK VKRXOG FRQVLGHU WKH IROORZLQJ WZR DVSHFWV
ILUVW WKH LQWHUQDO FRPEXVWLRQ HQJLQH RI WKH VDPH RU VLPLODU SLORW SURMHFW VHFRQG 3(0)& SRZHUGULYHQ
V\VWHPVSHFLILFSLORWSURMHFWV
$ SRZHU WHVW WRWDO SRZHU QHW SRZHU WKH UDWHG SRZHU DQG WKH HIIHFWLYH SRZHU RI WKH WHVW DQG QRORDG
FKDUDFWHULVWLF WHVW ORDG FKDUDFWHULVWLF WHVW7KHSRZHU FXUYH LV VDLG WKDW WKHPRVW LPSRUWDQW RQHRI WKHGULYH
V\VWHPVSHUIRUPDQFHFXUYHZKLFKGHVFULEHVWKHPD[LPXPSRZHURIWKHIXHOFHOOSRZHUVRXUFHPD\EHLVVXHG
DWGLIIHUHQWVSHHGV
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$GMXVWPHQW 7HVW ,Q RUGHU WR VWXG\ WR LPSURYH WKH SHUIRUPDQFH RI GULYH V\VWHPV RIWHQ FRPSDULVRQV RU
DGMXVWPHQW RI WKH WHVW EHQFK &KDQJH D V\VWHP RSHUDWLQJ SDUDPHWHUV WR REVHUYH WKH LPSDFW RI LWV HQJLQH
SHUIRUPDQFHDQGVHOHFWWKHEHVWYDOXHEDVHGRQWHVWUHVXOWV
1RLVH7HVW1RLVH OHYHO LV DQ LPSRUWDQW LQGLFDWRU RI FDU HQJLQH ORZ QRLVH LV D ELJ DGYDQWDJHRI HOHFWULF
YHKLFOHV3URWRQH[FKDQJHPHPEUDQHIXHOFHOOLWVHOILVQRQRLVH7KHSXUSRVHRIWKHQRLVHWHVWLVWRGHWHUPLQH
WKHQRLVHVRXUFHUHGXFLQJWKHRYHUDOOQRLVHOHYHORIWKHGULYHV\VWHPV
5RDG ORDG WHVW URDG ORDG WHVW LV D VLPXODWLRQ WHVW EHQFK SRZHU GULYH V\VWHP HQJLQH VLPXODWHG HQJLQH
ORDGLQJDIWHUFDUORDGHGZLWKFRQVWDQWYHORFLW\LQDGLIIHUHQWVSHHGGULYLQJRQDIODWURDGZKHQWKHDSSOLHGORDG
RQWKHHQJLQH
)XHOHFRQRP\WHVWHOHFWULFYHKLFOHIXHOVPHWKDQROK\GURJHQHFRQRPLFWHVWLQWZRZD\VRQWKHURDGWHVW
DQGLQGRRUWHVW7KHLQGRRUWHVWGUXPWHVWULJFDQEHXVHGLQWKHHQJLQHWHVWVWDQG6SHFLILFDWLRQWHVWRQWKHWHVW
VWDQG DQG UHSURGXFLEOH DQG PRUH DFFXUDWH GHWHUPLQDWLRQ RI WKH 3(0)& HOHFWULF YHKLFOH GULYH V\VWHP RI
K\GURJHQFRQVXPSWLRQDQGHYDOXDWLRQRIWKHEXUQLQJK\GURJHQHFRQRP\
5HOLDELOLW\ WHVW FDUHQJLQH UHOLDELOLW\ WHVW LQ WZRZD\VRQH LV WKHHQJLQH ORDGLQJFRPELQHGZLWK WKHFDU
UXQQLQJIRURQVLWHLQVSHFWLRQ.0URDG7KHRWKHULVWKDWWKHVKHOYHVLQWKHHQJLQHXQLWVLQDFFRUGDQFH
ZLWK SURIHVVLRQDO VWDQGDUGV IRU UHOLDELOLW\ WHVWLQJ SURFHGXUHV WHVW RI WKH VLPXODWLRQ RI YHKLFOH RSHUDWLQJ
FRQGLWLRQV
'XUDELOLW\ 7HVW 'XUDELOLW\ WHVW LV D EHQFK VR WKDW WKH HQJLQH WHVWV FRQGXFWHG LQ KLJKVSHHG KHDY\ ORDG
FRQGLWLRQV7KHSXUSRVHRIWKLVWHVW LV WKHDVVHVVPHQWHQJLQHGULYHV\VWHPVIRUFHLQFOXGLQJWKHUPDOVWUHVV
HOHFWULFDO VWUHVV DQG PHFKDQLFDO VWUHVV HWF WKH DELOLW\ RI WKH UHVLVWDQFH WR IDWLJXH DQG ZHDU UHVLVWDQFH
HFRQRP\DQGWKHVWDELOLW\RIWKHSRZHULQGH[
7KURXJKWKLVWHVWFKHFNWKHSRZHUVRXUFHRIHOHFWULFYHKLFOHVIXHOFHOOXQGHUGLIIHUHQWFRQGLWLRQVRIORDG
ORDGDWURRPWHPSHUDWXUHDQGORZWHPSHUDWXUHVWDUWLQJSHUIRUPDQFH
5HJHQHUDWLYHEUDNLQJWHVWHOHFWULFYHKLFOHVWKUHHSKDVHLQGXFWLRQPRWRURU'&PRWRUUHJHQHUDWLYHEUDNLQJ
VWDWHUDWLRQDOXVHRIUHJHQHUDWLYHEUDNLQJRIWKHPRWRUWRVDYHHQHUJ\7KHUHIRUHZKHQWKHIXHOFHOOHOHFWULF
YHKLFOHHTXLSSHGZLWKDVHFRQGDU\EDWWHU\UHJHQHUDWLRQSRZHUJHQHUDWLRQGULYHV\VWHPDQGPRWRUEUDNHWHVW
7KHUPDO EDODQFH WHVW D IHYHU SDUWV LQ WKH IXHO FHOO GULYH V\VWHPV IXHO FHOO SRZHUGULYHQ FRPSUHVVRU
FRROLQJ UHTXLUHG IRU RSHUDWLRQ 3DUWV RI WKH PHWDO K\GURJHQ VWRUDJH DLU SUHKHDWHU WKH UXQWLPH QHHGV KHDW
7KHUHIRUH LQ WKH IXHOFHOOGULYH V\VWHPV VHW WKHQXPEHURIKHDWH[FKDQJHUV'ULYH V\VWHPV LQRUGHU WR VDYH
HQHUJ\ LPSURYH V\VWHP HIILFLHQF\ WKH GHVLJQ RI WKH VFLHQFH RI WKHUPDO HTXLOLEULXP ,Q RUGHU WR WHVW DQG
LPSURYHWKHWKHUPDOSHUIRUPDQFHRIWKHV\VWHPWKHHQJLQHWHVWEHGWKHQHHGIRUWKHUPDOEDODQFHWHVW
(IILFLHQF\ WHVW IXHO FHOO HOHFWULF YHKLFOHVZLWKLQ WKHQDWXUDOPDFKLQH YHKLFOH HIILFLHQF\ WHVW FRQWHQW7KH
SXUSRVHRIGHWHUPLQDWLRQRI WKHIXHOFHOOGULYHVV\VWHPV IXHOXWLOL]DWLRQDQGHQHUJ\XWLOL]DWLRQ3RZHUGULYH
V\VWHPVSRZHUWUDQVPLVVLRQDQGFRQYHUVLRQHIILFLHQF\RIWHVWFRPSRQHQWV
SRZHU VRXUFH SRZHU UHVSRQVH WHVW UXQ ZKHQ WKH IXHO FHOO GULYH V\VWHPV GXH WR FKDQJHV LQ WKH YHKLFOH
UXQQLQJVWDWHDQG WKHHQYLURQPHQW UHTXLUHVDSRZHUVRXUFH WKH IXHOFHOORXWSXWSRZHUVKRXOGEHFKDQJHG
7KHSRZHUVRXUFHIRUSRZHUUHVSRQVHWHVWLVWRPHDVXUHWKHIXHOFHOOV\VWHPRXWSXWSRZHUWRWKHORDGUHVSRQVH
WRWKHUDSLGO\FKDQJLQJ
+RPRJHQHLW\WHVWRIWKHVLQJOHFHOOIXHOFHOOHOHFWULFYHKLFOHSRZHUVRXUFHVIXHOFHOOVWDFNE\PDQ\VLQJOH
FHOOVLQVHULHV,QRUGHUWRHQVXUHFRQVLVWHQF\RIDOOVLQJOHFHOOSHUIRUPDQFHWKHEDWWHU\SDFNXQLIRUPLW\WHVWRI
DVLQJOHFHOO
3URWHFWLRQ WHVW HOHFWULF YHKLFOHV XVH K\GURJHQ IXHO FHOOV SRZHU GULYH V\VWHPV EHORQJ WR WKH KLJKSRZHU
SRZHUHOHFWURQLFGHYLFHV)RUWKHVHUHDVRQVWKHSURWHFWLRQRIWKHIXHOFHOOHOHFWULFYHKLFOHWHVWLVSDUWLFXODUO\
LPSRUWDQW 7KHPDLQ DVSHFWV RI WKH SURWHFWLRQ WHVW WKH VDIH RSHUDWLRQ RI IXHO FHOO DQG SRZHU GULYH V\VWHP
VKRUWFLUFXLWDQGRYHUORDG
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6XESURMHFW RI WKH IXHO FHOO HOHFWULF YHKLFOH GULYH V\VWHP EHQFK D ORW PRUH GHWDLOHG GLVFXVVLRQ LQ WKH
GHYHORSPHQWRIIXHOFHOOHOHFWULFYHKLFOHWHVWVWDQGDUGVDQGWHVWVSHFLILFDWLRQVDQGQRWUHSHDWWKHPKHUH
3URWRQH[FKDQJHPHPEUDQHIXHOFHOOGULYHV\VWHPV
)RUDXWRPRWLYHHQJLQHWHVWEHGGHYLFHVNQRZQDVWKHHQJLQHWHVWEHG6LPLODUO\WKHEHQFKRIWKHIXHOFHOO
GULYHV\VWHPVGHYLFHVNQRZQDVWKHIXHOFHOOGULYHV\VWHPVWHVWULJ)RUWKHFRPSOHWLRQRIWKHWHVWFRQWHQWRI
WKH3(0)&HOHFWULFFDUV\VWHPLQWKHWHVWULJVKDOOKDYHWKHIROORZLQJIXQFWLRQDOXQLWV
)XHOVWRUDJHDQGVXSSO\XQLW
)XQFWLRQDORQJWLPHFDQSURYLGHWKHIXHOFHOOGULYHV\VWHPVWHVWQHHGHGZLWKDFHUWDLQSUHVVXUHDQGIORZ
RIIXHOVXFKDVPHWKDQROK\GURJHQHWF
&RQWURODQGSURWHFWLRQXQLW
)HDWXUHVDXWRPDWLFDGMXVWPHQWDQGFRQWURORIWKHIXHOFHOOGULYHV\VWHPVDYDULHW\RIRSHUDWLQJFRQGLWLRQV
)DLOXUH SKHQRPHQRQ GXULQJ WKH WHVW WKH IXHO FHOO GULYH V\VWHPV DODUPV ORDG VKHGGLQJ DQG HPHUJHQF\
VKXWGRZQ
0HDVXUHPHQWDQGSDUDPHWHUGLVSOD\XQLW
)HDWXUHVWKHDELOLW\RIDOOWKHSHUIRUPDQFHSDUDPHWHUVRIWKHLWLQHUDQWGHWHFWLQJIXHOFHOOGULYHV\VWHPV7KH
PHDVXUHGYDOXHVZLWKVWRUDJHGDWDSURFHVVLQJGLVSOD\DQGKDUGFRS\RXWSXWIXQFWLRQ
3RZHUHOHFWURQLFORDG
)XQFWLRQ SRZHU HOHFWURQLF ORDG LV DQ LQWHOOLJHQW SURJUDPPDEOH HQHUJ\FRQVXPLQJ ORDG 7KH WRUTXH
JHQHUDWHGE\WKHIXHOFHOOGULYHV\VWHPVZKLFKFDQEHFRQYHUWHGLQWRHOHFWULFDOHQHUJ\FRQVXPH,QDGGLWLRQ
E\HQWHULQJWKHFDUGULYLQJWKHHTXDWLRQWKHSRZHUHOHFWURQLFORDGFDQVLPXODWHHOHFWULFYHKLFOHVRQWKHURDG
ZKHQWKHVWUHVVFRQGLWLRQ7KHUHIRUHWKHEHQFKFDQDVVHVVDQGSUHGLFWWHVWWKHDFWXDOSHUIRUPDQFHRIWKHIXHO
FHOOGULYHV\VWHPVORDGLQJ
(QJLQHOLIWV
)XQFWLRQWRIDFLOLWDWHWKHSODFHPHQWDQGPRYHWKHHQJLQHIXHOFHOOSRZHUHGGULYHV\VWHPDQGHTXLSSHG
ZLWKWKHVWDQGDUGJDVZDWHUHOHFWULFLW\DQGPRQLWRULQJDQGFRQWUROV\VWHPRXWSXWLQSXWLQWHUIDFH
(DFKRIWKHVHIXQFWLRQDOXQLWVXQGHUWKHPDQDJHPHQWRIWKHFHQWUDOPLFURSURFHVVRUWHVWDXWRPDWLRQRIIXHO
FHOOHOHFWULFYHKLFOHGULYHV\VWHPV
&RQFOXVLRQV
'HYHORSPHQW RI IXHO FHOO HOHFWULF YHKLFOH LV D FURVVGLVFLSOLQDU\PXOWLGLVFLSOLQDU\ V\VWHPV HQJLQHHULQJ
7KH IXHO FHOO HOHFWULF YHKLFOH GHYHORSPHQW SURFHVVPXFKPRUH FRPSOH[ WKDQ WKH VHFRQGDU\ EDWWHU\ HOHFWULF
YHKLFOHV3(0)&HOHFWULFYHKLFOHUHVHDUFKDQGH[SHULPHQWDOZRUNWRHVWDEOLVKRQDVFLHQWLILFEDVLVDVVRRQDV
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SRVVLEOHWKHGHYHORSPHQWRIFULWLFDOWHVWHTXLSPHQWWHVWVSHFLILFDWLRQVDQGWHFKQLFDOVWDQGDUGV&KLQDKDVMXVW
VWDUWHG3(0)&HOHFWULFYHKLFOHEXVLQHVVEXLOWRQDVROLGIRXQGDWLRQ
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